The spatial distribution and abundance of the seven most abundant species of echinoderms (Diadema mexicanum, Centrostephanus coronatus, Eucidaris thouarsii, Isostichopus fuscus, Pharia pyramidatus, Phataria unifascialis and Acanthaster ellisii) were evaluated in coral communities of Isla Isabel National Park (Mexico). Biological (corals and other benthic groups) and physical (rocks and boulders) structural elements of the habitat were evaluated to determine their relationship to these species. Our results show that species composition and abundance varied among sampling sites and between seasons. Also were obtained significant differences in the echinoderm assemblage among sites across seasons. Similar results were detected for the environmental variables related to benthic habitat structure. D. mexicanum, P. unifascialis, E. thouarsii and C. coronatus were the main contributors to the species abundance and distribution in Isla Isabel. Most echinoderm species were positively related to the coverage of different coral species, algae and various types of benthic organisms as well as to physical benthic variables. These outcomes suggest that the spatial distribution and abundance of these echinoderms are explained by the habitat structure, which should be used to design conservation and management strategies for coral communities.
Introduction
Studies examining the variation of marine species and its relationship to the benthic habitat structure allow us to determine which factors explain the variation of the distribution and abundance of these species (e.g., Entrambasaguas et al. 2008 , Kopp et al. 2012 . These factors can consist of both biological and environmental variables, which act differently at different spatial and temporal scales Legendre 1998, Chapman and Underwood 2008) . Increases in spatial variability and diversity lead to increased resource availability and biodiversity within habitats. Habitat heterogeneity therefore promotes coexistence through resource partitioning among species (Rosenzweig 1995, Tilman and Kareiva 1997) , and is positively correlated with biodiversity and ecosystem functioning (Tylianakis et al. 2008) . However, local habitat specificity and changes in habitat quality also influence the composition and abundance of species (Gaston 1994) . Hence, quantifying how species differ over multiple spatial scales allows us to focus on the variety of ecological processes that influence organisms (Chapman and Underwood 2008) .
Echinoderm species are abundant both in coral reef communities as in the intertidal and shallow subtidal areas around the world, associated with various types of substrates such as sand, mud, rocks, corals, and even wood (Solís-Marín 2008 , Ríos-Jara et al. 2008 ). Likewise, they play different roles in food webs, as carnivores, herbivore, or detritivores (Roberts et al. 2003, Luna-Salguero and Reyes-Bonilla 2010) . Due to these broad functional roles, some echinoderms are considered keystone species in different marine ecosystems, controlling the distribution and abundance of other benthic species, and even demonstrating effects on the community structure (Paine 1969 or constituting part of keystone species complexes in various marine ecosystems .
Many studies have shown that the distribution and abundance of echinoderms are determined by larval settlement and recruitment (Clemente et al. 2009 ), biological interactions (Hagen and Mann 1992 , McClanahan 1998 , Alves et al. 2001 , temperature (Tyler et al. 2000) , salinity (Drouin et al. 1985) , harvesting (Hasan 2005) and disease (Dumont et al. 2004) . However, few studies have assessed how the structural properties (biological and physical) of benthic habitats affect the distribution and abundance of echinoderms (Entrambasaguas et al. 2008 , Alvarado et al. 2012 ).
In the Mexican Pacific, most studies of echinoderms have assessed their taxonomy (e.g., Honey-Escandón et al. 2008, Granja-Fernández and López-Pérez 2012) and community structure (e.g., Reyes-Bonilla et al. 2008, Luna-Salguero and Reyes-Bonilla 2010) . In the coral communities of Isla Isabel National Park, Ríos-Jara et al. (2008) evaluated the distribution and abundance of 31 echinoderm species. Unfortunately this contribution did not assess quantitatively the relationship between the structural elements of coral communities and their level of influence on the spatial distribution and abundance of echinoderms. Recently, Rodriguez-Zaragoza et al. (2011) have shown that the coral communities contribute to increase the heterogeneity of the benthic habitats around the island, promoting the diversity of reef fishes. Therefore, it is expected that on Isabel Island the richness and abundance of the most common echinoderms will be higher in more complex habitats (coral communities), which contribute to increasing the availability of food and refuges.
The aim of the current work was to assess the effect of the biological and physical elements of the habitat (environmental conditions) on the spatial and temporal distribution of the abundance of the most common echinoderm species in the island. It is relevant to mention that these species represent up to 58% of the total echinoderm abundance of Isla Isabel (sensu Rios-Jara et al. 2008) and they are also conspicuous species in coral communities of the tropical eastern Pacific (e.g., Chiriboga 2008, Pérez-Ruzafa et al. 2013) . The information obtained in this study could be extrapolated and compared with other coral communities and used for developing management strategies focused on the conservation of the marine ecosystem of Isla Isabel National Park and other marine protected areas.
Materials and methods

Description of the study area
Isla Isabel (21°53'40''N and 105°53'00''E) is located in the tropical eastern portion of the Pacific Ocean, 28 km off the coast of Nayarit state (Mexico) (Fig. 1) . This zone is a transition between the California Current, the North Equatorial Current and the Gulf of California's water mass (Badan 1997) . The seawater around the island is mostly oligotrophic with a salinity of 33-35‰, and sea surface temperature fluctuates between 26°C and 29ºC (CONANP 2005) . The selected sampling sites correspond to those areas previously described by Rodríguez-Zaragoza et al. (2011) . The coral communities on Isla Isabel are mainly dominated by the genera Porites, Pocillopora, Pavona and Psammocora and are distributed between depths of 1.6 and 11 m. For a more detailed description of the geomorphological and oceanographic properties of Isla Isabel, see Galván-Villa et al. (2010) and Rodríguez-Zaragoza et al. (2011) .
Sampling
The field work was carried out in February (winter) and June (summer) of 2009, considering 9 sites around Isla Isabel (Fig. 1) . At each site, were quantified the density of echi- noderms, the coverage of corals and other benthic groups, the substratum type and the depth along 5 transects per site and season. A total of 90 transects were conducted parallel to the shore in shallow waters between depths of 3 and 15 m. Different sampling strategies were applied per transect: (1) Diurnal visual censuses (20 × 2 m) were conducted to register the density of the following seven species echinoderms: Diadema mexicanum, Centrostephanus coronatus, Eucidaris thouarsii, Pharia pyramidatus, Phataria unifascialis, Acanthaster ellisii and Isostichopus fuscus. (2) Videotransects (20 × 0.4 m) were recorded 0.4 m above the bottom to register the benthic habitat structure (environmental variables). From each video, 40 frames were randomly sub-sampled, and 50 fixed points from each frame were used to estimate the cover of hard corals (Pocillopora, Porites, Pavona and Psammocora), as well as the coverage of hydrocorals, bryozoans, octocorals, sponges, fleshy macroalgae, encrusting calcareous algae, articulated calcareous algae, turf, other sessile organisms, rocks, sand, and coral rubble. (3) The topographic complexity was assessed in each transect with a 10 m chain based on the chain-link method (Aronson et al. 1994) . (4) The total number of cavities (as available refuges) was quantified in four quadrats (1 m × 1 m) situated at intervals of 5 m. Five cavities of different sizes were selected in each quadrat. The largest and smallest diameter and depth were measured in situ to estimate the average surface and volume using an ellipsoid shape. Based on these measurements, it was possible to assess the availability of refuges: number of cavities, cavity area (cm 2 ), cavity volume (cm 3 ), cavity number × cavity area, and cavity number × cavity volume. Depth (m) measurements were performed once per transect and are reported as the average for each site.
Statistical procedures
The spatial and temporal variation of the observed echinoderm species abundance was assessed through a permutational multivariable analysis of variance (PERMANOVA) (Anderson et al. 2008 ). The species abundance was fourthroot transformed prior to performing the multivariate analysis. PERMANOVA was conducted using a Bray-Curtis similarity matrix constructed based on the abundance of each species (ind/40 m 2 ). Our PERMANOVA design was based on two crossed factors (season and site, with two and nine levels, respectively), using a type I model (fixed factors). Statistical significance of terms and interactions was assessed running 9,999 permutations. Three additional PERMANOVA designs were also implemented to compare the average species richness and abundance as well as the environmental variables. The first was carried out using a Euclidean distance matrix with previously fourth-root transformed data. It was based on the design of the PERMANOVA described above to evaluate the spatial and seasonal changes in the main benthic habitat structural elements. Under the second, the depth and topographic complexity variables, such as the cavity number, cavity area (cm 2 ), cavity volume (cm 3 ), cavity number × cavity area, and cavity number × cavity volume, were fourthroot transformed and normalized to Z-values to construct a Euclidean distance matrix. One-way PERMANOVA was only performed spatially (by site) because the measurements were only conducted in winter, assuming that these variables would not change between seasons. Finally, the third followed a two-way design with crossed factors but was designed in a univariate manner. It was developed based on a Euclidean distance matrix to assess the changes in the average species richness and abundance (Anderson et al. 2008 ). All PERMANOVA tests were conducted using the software PRIMER V6.1 (Clark and Gorley 2006) following the criteria of Anderson et al. (2008) .
A two-way similarity percentage (SIMPER) analysis was performed to compare the contributions of the species within and between sampling sites. SIMPER analysis is based on the Bray-Curtis index for estimating the average dissimilarity between pairs of sample groups and determining the contributions to the average similarity within each group (Clarke and Warwick 2001) . Similarly, the biological value index (BVI) (Sanders 1960 ) -modified by Loya-Salinas and Escofet (1990) -was used to determine the importance of each species of echinoderm on Isla Isabel. The BVI indicates the dominance by species based on ranks and scores.
A canonical redundancy analysis (RDA) was carried out to assess the relationship between the spatial-temporal variation of the seven echinoderm species and the benthic habitat structure at the site scale for each sampling time (Legendre et al. 2005) . The biological variables were one Y vector generated from the total density (number of individuals) of each species. Environmental variables were organized into a X matrix using the mean values of the coverage of benthic organisms and substrate types estimated from videotransects, as well the average depth, rugosity, number, area and volume of cavities. The RDA ordination was developed using the software CANOCO v4.5 (terBraak and Smilauer 2002), assuming a linear relationship between biological and environmental components. The Trace statistic indicated the variation of Y explained by X. Stepwise forward selection was conducted to identify the environmental variables that best explained the variation in Y. Multicollinearity was evaluated among the environmental variables because it could modify the RDA model outputs. Only environmental factors with Pearson correlation (r) values below 0.90 were selected. The RDA estimation was realized using a variance inflation factor (VIF) of less than 10 to avoid severe multicollinearity (Chatterjee et al. 2000) . The RDA outputs were obtained after running 9,999 permutations. All variables used in RDA are summarized in Appendix A.
Results
The results of our analyses showed that the seven investigated echinoderm species display high spatial and seasonal variation around Isla Isabel. In general, all of the species exhibited low densities except for D. mexicanum, which was recorded at all sampling sites during both seasons. Regarding the total echinoderm abundance, the Costa Fragata Profundo (CFP) (during winter and summer), Las Monas Externo (LME) (during summer) and Las Monas Interno (LMI) (dur- Table 1 . PERMANOVA outputs of the spatial-temporal variation of echinoderm assemblage and habitat structure at Isla Isabel National Park, Mexico. Several PERMANOVA designs were built: 1) multivariate two-way crossed PERMANOVA was used to compare the echinoderm assemblage and the benthic habitat structure based on morphofunctional benthic groups; 2) multivariate one-way PERMANOVA was utilized to compare the benthic geomorphological features based on topographic complexity, shelter availability and depth; 3) univariate two-way crossed PERMANOVA was applied to compare the average echinoderm species richness and abundance. Bold numbers correspond to a statistical significance p < 0.05. ing summer) sites presented the highest values, while the lowest density was observed at Ensenada Pescadores (EPE) during summer (Fig. 2) . The total species richness (S) also displayed high spatial and seasonal variability, and it was observed that the site Ensenada Pescadores (EPE) site presented all seven species of echinoderms during summer. In contrast, the lowest species richness was recorded at Las Monas Externo (LME) during winter (LME) (Fig. 2) .
The two-way crossed PERMANOVA showed significant differences in the Season × Site interaction (Table 1 ). This finding suggests that the species composition and abundance were explained by changes in benthic habitat heterogeneity between sites across climatic seasons. Pairwise comparisons of the Season × Site interactions across Sites showed that all sites presented significant differences. In contrast, pairwise comparison of the Season × Site interaction through Seasons showed that the Costa Fragata Profundo, Las Monas Externo, Las Monas Interno and Caleta Sin Nombre sites presented significant differences, while the other sites did not exhibit seasonal changes (Appendix A, Table A1 ).
The average species richness also showed significant differences with the interaction Season × Site (Table 1) . Pairwise comparisons of the Season × Site interaction across Sites showed that Punta Rocosa presented the largest significant differences among the investigated reef sites. Additionally, pairwise comparisons of the Season × Site interaction through Seasons revealed that Costa Fragata Profundo and Las Monas Externo exhibited significant changes across seasons (Appendix A, Table A2 ). The average abundance of echinoderms was also significantly different among sites, but not between seasons or according to the interaction of these factors (Table 1) . Furthermore, paired comparisons revealed that the sites that generated differences were Costa Fragata Profundo, Ensenada Pescadores, Las Monas Externo, Bahía Rabijuncos and Las Monas Interno (Appendix A, Table A3 ). The benthic habitat structure was significantly different in the interaction of Season × Site (Table 1) . Pairwise comparison of the Season × Site interaction through Sites showed that all sites presented significant differences compared to the other sites. Similarly, pairwise comparison of the Season × Site interaction across Seasons showed that all sites exhibited significant changes in habitat structure between seasons (Appendix A, Table A4 ). These habitat structure differences can be observed in Fig. 3a-b , where the benthic morphofunctional groups and substrate types have distinct coverage among sites through the seasons. Fleshy macroalgae and turf presented the highest changes. Otherwise, spatial analysis of the habitat's geomorphological features detected significant differences among sites (Table 1) . Pairwise comparisons among Sites showed that all the sites were significantly different (Appendix A, Table A5 ). The variation of depth, topographic complexity and shelter availability among sites is shown in Fig. 3c-g. The two-way SIMPER analysis showed that D. mexicanum, P. unifascialis, E. thouarsii and C. coronatus made the largest contributions to the average similarity within sites and to the average dissimilarity among sites across seasons (summer and winter) (Appendix B, Table B1, Table B2 ). Likewise, concerning the biological value indices (BVIs) obtained for the sites in winter, D. mexicanum and C. coronatus presented highest scores, followed by P. unifascialis, E. thouarsii and P. pyramidatus. In contrast, D. mexicanum, C. coronatus and E. thouarsii showed the highest BVI scoring in summer (Appendix C, Table C1 ). In both analyses, D. mexicanum contributed more than 50% of all species assessed at all sites over seasons.
The RDA ordination presented a good fit and high statistical significance (Trace = 0.980, p = 0.001). This analysis also revealed significant spatial and temporal variation of the echinoderm assemblage. In the RDA´s biplots, the first axis mainly showed spatial partitioning among sites, while the second axis indicated a clear temporal separation between the summer and winter samplings (Fig. 4a) . RDA forward selection detected the depth, topographic complexity, Pavona, cover, encrusting calcareous algae, average cavity area and Pocillopora cover as the most relevant environmental variables for explaining the spatial-temporal variation in the echinoderm (Fig. 4b , Appendix D, Table D1 ). P. unifascialis showed a positive relationship with the cover of Pavona, Psammocora, and sandy substrate. During summer, P. pyramidatus, E. thouarsii and C. coronatus presented the highest abundances. These echinoderms displayed a positive relationship with the cover of encrusting calcareous algae and Porites, but they were negatively related to Pocillopora, the average cavity area, sponges and coral rubble. The sea urchin D. mexicanum did not exhibit a significant change in abundance between seasons, but this species did present a positive relationship with depth, topographic complexity and the cover of articulated calcareous algae and hydrocorals (Fig.  4b) . Finally, given the little strength of the vectors for I. fuscus and A. ellisii (Fig. 4b) , these species showed a very weak relationship with environmental variables.
Discussion
Many studies have recognized habitat heterogeneity as an important factor structuring benthic marine communities, de- Habitat variable codes: Dep -depth, Top -topographic complexity Hyd -hydrocorals, Cav -cavity area, Eca -encrusting calcareous algae, San -sand, Pav -Pavona, Psa -Psammocora, Poc -Pocillopora, Por -Porites, Spo -sponges, Roc -rocky, Rub -coral rubble, Aca -articulate calcareous algae. Sites codes correspond to show in Fig. 1. termining the richness, spatial and temporal distribution, density, and coexistence of species (Attrill et al. 2000 , Kelaher 2003 . This relationship has been observed in the echinoderms of the tropical Pacific, which demonstrate an increased species richness and abundance associated with increases in benthic habitat heterogeneity (Bolaños et al. 2005 , González-Medina et al. 2006 ).
The findings of the current work reveal the relationship between the physical and biological characteristics of the benthic habitat and the distribution and abundance of the seven most frequent species of echinoderms around Isla Isabel. These species are also representative of similar ecosystems in the Gulf of California and other places of tropical eastern Pacific (Holguín-Quiñones et al. 2008 , Pérez-Ruzafa et al. 2013 . Therefore, within these regions, some of the general patterns found in this work would be expected in comparable environments (i.e., coral communities) inhabited by these seven species of echinoderms.
The seasonal variability of the seven echinoderm species suggests that they respond to temporal and spatial changes in benthic reef habitats, as during winter algae dominate turfs, whereas fleshy macroalgae are more abundant during summer. Some of the trends observed in the changes in the abundance and distribution of these echinoderm species may be explained by the presence of food or escape from predation (Sala 1997 , Alves et al. 2001 . It is widely recognized that the presence of coral increases benthic habitat heterogeneity, providing conditions for shelter, food and reproduction (Bell and Galzin 1984, Rodríguez-Zaragoza et al. 2011 ). The echinoderms studied here would be favored by these habitat characteristics. For example, it was demonstrated in this work that P. unifascialis was positively correlated with the coverage of Psammocora and Pavona corals, while P. pyramidatus, E. thouarsii and C. coronatus were related to coverage of Porites corals. This probably explains why these species are more abundant in areas that have a moderate live coral cover, as was demonstrate in this work. Nevertheless, the low densities detected for A. ellisii and I. fuscus in Isla Isabel restrict us to propose robust conclusions on these species.
The SIMPER and BVI analyses showed that the echinoid species contributed greatly to the detected pattern, in addition to being widely distributed around Isla Isabel. In particular, the echinoids D. mexicanum and C. coronatus were the dominant species at all the study sites where adult organisms formed aggregations in cracks and caves. These species feed on different species of algae, sponges and other benthic invertebrates (Sammarco 1982 , Tuya et al. 2004 . The abundance of these echinoids was higher at sites where there were patches of Pocillopora spp. on reefs and rocky reefs with a high availability of shelter (cracks and hollows), potentially allowing them to avoid depredation pressure (Benedetti-Cecchi et al. 1998 , Hooker et al. 2005 . The echinoid C. coronatus was most abundant during winter at sites dominated by encrusting calcareous algae. However, this pattern does not agree with that reported by Vance (1979) , who described C. coronatus as an herbivorous species that feeds on fleshy algae, tunicates and sponges, avoiding encrusting calcareous algae. This disparity shows that further biological and ecological analyses of C. coronatus are needed. In the case of the echinoid E. thouarsii, Hooker et al. (2005) indicated that this species is a common inhabitant of cracks, as observed in the current work. Additionally, it shows a positive relationship with Porites corals, as the presence of these corals increases the availability of food for this sea urchin. E. thouarsii is known to feed on coral polyps, coralline algae and even juveniles of mollusk species (Glynn et al. 1979, Glynn and Wellington 1983) .
In this study the asteroids showed lower densities than the echinoids. The species P. pyramidatus and P. unifascialis were the most abundant, which agrees with what has previously been reported for Isla Isabel (Ríos-Jara et al. 2008) and for other benthic communities in the Gulf of California (González-Medina et al. 2006 ). However, the SIMPER and BVI analyses showed that P. unifascialis was the most common asteroid at Isla Isabel. In general terms, this seastar species presented a significant relationship with higher cover of Pavona and Psammocora corals. This pattern can be explained by the observation that these corals provide sufficient food for this seastar, as demonstrated by Luna-Salguero and Reyes-Bonilla (2010). The seastar A. ellisii is one of the most significant corallivorous species on coral reefs of the tropical eastern Pacific (Glynn 1981) . Nevertheless, in this study A. ellisii presented a weak relationships with environmental variables due to its low abundance (0.042 ind/40 m 2 ) which is lower than that reported on other rocky reefs of the Gulf of California (0.15 ind/40 m 2 ) (Luna-Salguero and Reyes-Bonilla 2010). The low density of this species would indicate a reduction of depredation pressure upon hard corals, as reported in other areas of the Gulf of California (Barham et al. 1973 , Reyes-Bonilla and Calderón-Aguilera 1999).
The sea cucumber I. fuscus also showed a weak relationships with environmental variables because it had low abundance. Nuño-Hermosillo (2003) suggested that this species is commonly found on rocky substrates. At Isla Isabel, the average density of I. fuscus reached 0.04 ind/40 m 2 , which is lower than the abundance reported in other communities of the Gulf of California (1.12 ind/40 m 2 ) . This result indicates the importance of conducting detailed studies on I. fuscus to assess its population dynamics for management proposes. This is relevant because I. fuscus is a protected species under the Official Mexican Norm (NOM-ECOL-059-2010) and an endangered species within the IUCN Red List of threatened species (Mercier et al. 2013 ).
The current work demonstrated that the structure of the benthic habitat at Isla Isabel National Park influences the diversity of the most abundant echinoderm species found in coral communities associated with rocky reefs. Our outcomes agree with those reported by Rodríguez-Zaragoza et al. (2011) , who showed that each studied reef site (which were the same as those examined in the present work) has particular characteristics that determine the composition and abundance of reef fish species. Thus, the findings presented here demonstrate the importance of preserving the structural heterogeneity of the reef habitats at Isla Isabel and also for other comparable reef communities. This information could be considered in the design of conservation management strategies for this kind of marine ecosystem since the coral species determine principally the environmental condition for echinoderm species.
Because echinoderms perform important functional roles on rocky and coral reefs, such as controlling the distribution and abundance of other benthic species, bioturbation of sediment and bioerosion, among others (Herrera-Escalante et al. 2005 , Vardaro et al. 2009 ), the study of the distribution of the most abundant echinoderm species improves our understanding of the coral community dynamics (Zamorano and Leyte-Morales 2005, Alvarado and Chiriboga 2008) . Although our findings should be considered an improvement of our knowledge of the coral ecosystems, it is still necessary to conduct further studies that integrate ecologically these echinoderm species as a part of the trophic web, identifying functional groups, keystone species complexes and emergent ecosystem properties and macrodescriptores. The files may be downloaded from www.akademiai.com.
